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I> Leonard Richakd Kahn, a citizen of 
the United States of America^ of 81 South 
Bergen PUce, Freepoit, Long Island, New 
York; United States of America, do hereby 
declare the anvention for which I pray that 
a patent may granted to me and the method 
tby which it is to be performed to be par- 
ticularly described in and by the following 
statement: — 

The present invention relates to sterophonic 
trans^mission systems, and to typical urans- 
mitters, transmitter adapters, and receivers 
for use therein, and more particularly relates 
to compatible stereophonic transmission and 
reception systems for use by anplitiide modu- 
lated type broadcasting media, whereby stereo- 
phonic transmissions can; be received by the 
consumer pubHc by use of conventional ampli- 
tude modulation receivers of the envelope 
detection type, consistent with existing channel 
allocations, and mth appreciable improvement 
in apparent fidelity of reception by such con- 
ventional receivers. 

Fiurther and more particularly, objects, fea- 
tures, characteri*stics and advantages of the 
present invention include provision of com- 
patible stereophonic transmission and reception 
systems, and modes of operating same, wherein 
ihe^ stereophonic transmission is fully com- 
patible with existing amplitude modulation 
type receivers now in widesprad use -so that 
one receiving the stereophonic transmissions 
can achieve full stereo elfect simply iby nse 
of two amplitude modulated type receivers; 
wherein siniple refinements in receiver design 
can also be adopted to improve the quality of 
tlie stereo 'signals; wherein a stereophonic 
transmission and reception system is pro'vided 
by means of which there is no apparent loss 
in ^gnal intelligence when the signal is 
received on a single conventional type ampli- 
tude modulation receiver, i.e. monophonically; 
whereinj&ere is no necessity for an increase 
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in allocated channel frequency for an existing 
amplitude modulated ibroadcasting station to 
adopt full stereophonic transmission; wherein 
reception of the stereophonically modulated 
carrier energy can acccmpMshed by a 
simple tuning technique on the part of the 
one operating the receiver means, the tuning 
technique when reception is by tiwo conven- 
tional amplitude modulation receivers being 
smply that of offset .tuning one receiver 
slightly above the center frequency of the 
received wave and offset tuning the other 
receiver sHghtly below the center frequency 
of the received wave, such tuning procedure 
being accomplishable responsive to the audio 
quality of the signal associated with each such 
single sideband of the received wave, with- 
out necessity of any metering or otifcier 
specidized signal monitoring eqnipment; 
wherein a conventional amplitude modulated 
receiver offset tuned substantiallv to a side- 
band frequency for stereophonic reception 
actually^ achieves more apparent fidelity as 
to quality of the received 'signals becajus^ the 
toandpass characteristics of the receiver are 
thereby placed substantially centrally in -the 
audio range represented by the sideband, rather 
than at one side of the passband as is the 
case with conventional tuning directly to the 
carrier center frequency; and wherein com^ 
bined amplitude and phase modulation tech- 
niques are employed in the transmitter com- 
ponent of the system- to provide a radiated 
carrier wave having an amplitude modidation 
envelope which is substantially a linear func- 
tion of the summation of two stereo related 
signals and phase modnlated in quadrature 
relation, with the phase modulation bdng sub- 
stantially a linear function of the difference 
between the two stereo related signals, such 
composite of amplitude modulation and phase 
moddation resulting in the two first order 
sidebands of the carrier wave representing the 
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stereo signal intdligeiice^ one such first order 
sideband hSag substantially the intelligence 
of one , of the stereo signals and the other snch 
first order sideband being substantially the 
5 intelligence of the other :stereo signal. 

Before discussmg in more detail the stereo- 
phonic system characteristic of the present 
inventionj it is believed appropriate to outline 
certain practical requirements for stereophonic 

10 systems^ and to give brief indication as to 
certain other prior and contemporaneous 
systems. One current proposal involves two 
'independent single-sideband type transmis- 
sions^ one for the first or " A " stereo input 

15 and the other for the second or " B " stereo 
input, with reception being by upper and 
•lower sideband receiver sections with product 
demodulation. In reception, one desiring to 
hear both channels of a single receiver would 

20 theoretically be able to do -so by tuning to 
the carrier frequency. . Such a system' involves 
serious drawbadcs in terms of intolerable dis- 
tortion when recei'wng the signal monophonic- 
ally^ and also involves serious practical diffi- 

^5 ailties in maintaining proper phasing. When 
one attempts to combine the outputs of two 
single sideband generators, any slight difference 
in amplitude and phase between the two side- 
bands creates severe envelope distortion. 

30 Anotiier system imder study involves an 
A oninus B " channel mth phase modulation 
and an " A plus B ^' channel with amplitude 
modulation, the amplitude and phase modu- 
lation techniques not providing for single side- 

35 band type transmission, however. As a result, 
in this system, there is no compatibility 
regarding stereo reception by two conventional 
amplitude modulation receivers. Also, in this 
second type of system, the spectrum require- 

40 ment is appreciably increased because of sub- 
stantial out of band radiation. 

A third type of system tmder study involves 
narrow band frequency modulation for the 
"A minus B" channel, witii generally the 

45 same disadvantages as the second system dis- 
cussed, in that the transmission as not com- 
patibly receivable by two amplitude modula- 
tion type receivers and because of the necessity 
for wider spectnurt requirements. Also, vrfth 

50 tins tiiird type of system^, there a very 
serious problem of bandwidth limitation. The 
frequency modulation of the carrier results 
in ^ reduction of eifective bandwidth and the 
risk of substantial out of band interference, 

55 in tiigt the frequency modulation of the carrier 
causes the ampHtude modulation components 
to swing into the "slopes" of the IF pass- 
band, witii resulting second order distortion. 
Other, stereo systems are also loaowrt, involv- 

60 ting various techniques such as time difference 
^separation of die stereo input signals, and 
utilization of subcarrier techniques within the 
pass band range, and the like, all of which 
characteristically are not compatible insofar 

65 as r^eption of the full stOTo signal by 



conventional amjilitude modulation receiver 
means, within existing channel requirements. 

In order to satisfy commercial stations, 
regulatory agencies and the user public, a 
stereophonic system- must be compatible with 70 
existing receivers, both as to not engendering 
appreciable signal distortion when received 
moncphonically, and as to reception of the 
fuH stero signal, nor should the stereophonic 
system signd require any increase in allocated 75 
spectnmi! space. Even now, many amplitude 
modulation broadcasters are suffering from 
severe co-channel and adjacent channel inter- 
ference problems, and certainly any system 
that would materially increase the bandwidtix SO 
of the signal is not acceptable. Nor should 
special receiver means be reqmred for stereo- 
phonic reception. Achieving compatibility, 
as the present invention provides, wfll permit 
formulation of stereo standards, after which 85 
the segment of the consuming public that 
demands maximum performance can^ if it so 
desires, proceed to acquire specialized 
receivers. Once die system is in v/idespread 
-use, special stereo receiver sets v/ill become 90 
ccmmerially practical, botix from the manu- 
facturer's point of view and die point of view 
cf the consumer public. But before wide- 
spread use can be achieved, compatible stereo 
reception by existing AM receiver means must 95 
be within the capability of an acceptable stereo 
system. Such advantageous capability is a 
pr-imary characteristic cf the stereo system 
of the present invention. 

In order that the disclosure ivill be more 100 
fally understood and readily carried into 
effect, the following detailed desaiption is 
given with reference to the accompanying 
drawings in which: 

Fig. 1 is a block diagi'am of one form of 105 
transmitter utilized in practice of the present 
invention, wherein a stereo adapter is employed 
in conjunction witii ^ standard amplitude 
moddation type transmitter, such adapter 
providing carrier wave generation and deriv- 110 
ing from a stereo related pair of audio inputs 
an RF component wrvc with the difference 
between the stero inputs appearing as quadra- 
ture related phase modulation on the carrier 
wave, and also deriving an audio frequency 115 
wave representing the sum of the stereo inputs, 
which audio wave is utilized in the transmitter 
to amplitude modulate the carrier; 

Fig, 2 is a generalized block diagram of 
the stereo adapter component of Fig. 1; 120 

^Fig. 3 is a series of simplified vector 
diagrams portraying modulation relationships 
characteristic of the present invention with a 
'Single tone input at tiie A input, with the 
B input idle; 125 

Fig. 4 is a series of vector diagrams like 
the series presented in Fig. 3, sho-Bdng the 
characteristic modulation relationships when 
a smgle tone is applied to the B input, with 
the A input idle. j30 
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Fig, 5 ds a series of vector diaigrams like 
those presented at Figs. 3 and 4^ with lil^e 
single tone inputs at both the A input and 
the B input; 

5 Fig. 6 is an idealized typical response cairve, 
showing the separation of the intelligence of 
the stereo relate pair of inputs A and B 
into respective lower and npper side-^hands 
v/ith respect to die carrier, as produced by 

10 the modulation technique of the present inven- 
tion; 

Fig, 7 is a somewhat simplified but more 
detailed block di^gi^am* of a typical stereo 
adapter, showing in more detail the develop- 

15 ment of the amp&ud^ modulated component 
wave from the summation (A plus B) of the 
two stereo sa'gnal inputs through an "AM" 
input chaiuj and the development of the FM 
component as a phase modulated rf vi^ave 

-0 dirocrgh a " PM " chain from the difference 
(A mnus B) between the two stereo signal 
inputs; 

Fig. 8 is a self-contained schematic of the 
audio stages of a typical stereoi adapter^ show- 
ing the " AM " chain and that portion of the 
"PM" chain of th^ adapter showtx in Fig. 
2 up to balanced modulator^ with component 
values and types indicated; 
Fig. 9 is a simple block diagram of a con- 
^" venticnal amplitude modulation type receiver 
employing envelope detection, as usedto mono^ 
phonically and compatibly receive the stereo- 
phonic signal characteristic of the present 
invention; 

Fig. 10 is a simple block diagram of two 
conventional amplitude modulation receivers 
employing envelope detection, as used Coi 
sterecphonically receive the stereophonic 
signal characteristic of the present system^; 

Fig. 11 is a block diagram of a specialized 
receiver also unable to stereophonically receive 
the stereophonic signal of the priesent inven- 
tion, wherein is employed separation of the 
„ intermediate frequency wave, and separate 

^'^ amplitude modulation envelope detection and 
phase mcdulaticn detection to derive the 
summation and difference audio signals, and 
audioi summation ^nd difference circuitry to 
isolate the stereo related audio outputs; 

Fig. 12 is a diagram-, partially in block 
and partially schematic, of another forim of 
specialized receiver for st^eophonic reception 
of the stereophonic siignal of the present inven- 
tion, wherein two separate^ sligMy off-tuned 

^5 intermediate frequency stages are employed, 
each such intermediate frequency stage feed- 
ing separate envelope detectors of the diode 
type, the specialized chcuitry including means 
summating the outputs of the diode detectors 

60 to derive an automatic gain control voltage; 
Fig. 13 is a block diagram of another type 
of specialized receiver usable to stereophonic- 
ally receive the stereophonic signal of the 
present invention, employing three IF stages, 

65 one stage being center tuned, and the oSier 



two such 'Stages being slightly off-tuned above 
and below the IF center frequency, such ±ree 
stages feeding separate audio outputs with 
the "lows" reproduced monophonically and 
the " highs " reproduced stereophonicaHy; ^nd 70 

Fig. 14 as a ifragmentai'y block diagram of 
another audio output arrangement employing 
the stereo speaker display sho'Wn in Fig, 13. 

Essentially, tihie stereophonic system of the 
present invention employs a composite of 75 
single-sideband transmissions, and is charac- 
terized by two singje-sideband, low level 
modulations on a single carrier, each side- 
band of itself being generated similarly to 
the monophonic single-sideband— found in the 80 
Purington-Villard system-, the two dngle-side 
bands representing the respective stereo input 
signals at the transmitter. As such, the stereo 
system here presented is uniquely and ad- 
yantageously adapted to transmitting the 85 
intelligence of a istereo related p'air of dgnal 
inputs, the stereophonically distinguishable 
intelligence of one such stereo input being 
essentially constituted in the upper first order 
sideband of the carrier wave, and the stereo- 90 
phonically distinguishable intelligence of the 
other stereo input being eissentiaMy in the 
lower first order sideband of the carrier wave. 
How these modulation characteristics are de- 
veloped^ is discussed in more detail below in 95 
conneaion with the simplified vectoral dia- 
grams presented at Figs. 3—5, and more 
comprehensive treatment of the basic theory 
involved c^n be found in the aforesaid 
Purington patent and Villard aitide. 100 

In the new stereophonic system: here pre- 
sented, thp percentage of modulation of each 
sideband is no greater than 50%, at which 
maximurn modulation level tlie undesired side^ 
band radiation is sufficiently low to render the 105 
system commercially practical. Also, in the 
stereophonic system here presented, the un- 
desired sideb^and does not have to be extremely 
low bcause cros&talfc is not a major factor 
and sideband isolatidn is more than sufficient 110 
to differentiate signals stereophonically. 
^ Reference to the appropaiate Eessel' Func- 
tions shows th^t under conditions of maximum! 
input from'^one stereo source, the single-side- 
band isolation of the respective stereo side- 115 
bands characteristic <rf the hivention produces 
a second order sideband which is ^ost 30db 
below the canier amplitude. Thus, 4 simplified 
analysis shows the phase modulated component 
of the characteristic stereophonic wave, when 120 
modulated by single tone, to be composed 
of a carrier and essentially only first order 
sideband components with the carrier in 
quadrature relation to the modulation wave. 
When such phase modulated RF wave is 125 
amplitude modulated hy the same audio tone 
that px-oduces the phase modulation, tiien 
each spectrum component of the phase modu- 
lated wave act-s as ^ modulated carrier which 
is surrounded by two symmetrical sidebands. 130 
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In the case of 10% modulatioB, for example, 
the amplitude modidated sideband components 
produced by mnplitude modulatian of the 
phase modulation sidebands ^'e over 50db 

5 ibelow the carrier amplitude and can be dis- 
regarded. Also, the unwanted sideb^and com- 
ponents tend to cancel out, leaving only the 
desired sid^/band companent. In essence^ 
analysis demonstrates that the spectrum, re- 

10 quirement of the stereo system here presented 
is similar to that of a 'standard amplitude 
modidated system, and actual tests have proven 
that die signal does not create adverse adja- 
cent or co-channel interference as long as tlie 

15 modulation level is below about 50% in 
eacb ^deband. Also notable^ and quite 
importantlys the second order sideband on 
die desired sideb-and side of die carrier does 
not introduce distortion but actually reduces 

20 the distortion effect on the heterodyned en- 
velope and therefore renders the system com- 
patible with existing amplitude modulation 
receivers. Even in cases where modulation 
levels near the maximum of about 50% are 

25 employed^ tie amplitude moddated sideband 
components produced by amplitude modu- 
lation ox the phase modulation sidebands are 
about 20db belcw tlie carrier amplitude and 
are thus not significant in t^rms of the 

30 apparent quality of the receiver stereo signal. 
"One practical considei-^tion involved vnth 
respect to the quadrature modulated RF wave 
generated by the modulation teclinique of 
die present invention is that 5ucli quadrature 

35 relationship is achieved by comparatively 
simple phase shift networks employed at audio 
frequency levels, which networlcs ^are Imown 
per 'se. Practical and suitable design of sudi 
networks can readily provide quadrature 

^0 relationship of the phase modulation on Guch 
SF component wave for ^udio input fre- 
quencies from about 150 cp.s, to about 700Q 
ap.s., and such range of quadrature relation- 
ship has been found to be quite satisfactory 

45 for purposes of the present invention in that 
such range includes substajitially all ox the 
sipiicant stereophonically distinguishable 
tones of the stereo signal inputs to tlie system. 
It has been determined tliat the tlieoretical 

50 diminution of the stereo isolation occurring 
witii the very lew audio frequencies and the 
very high audio frequency doss not detract 
from tbe apparent stereo efect achieved. Thus, 
it can be said that the characteristic quadra- 

55 ture relationship betv/een lite carrier wave 
and the phase modulation wave should hold 
for at least a substantial portion of the stereo- 
phonically distinguishable audio frequency 
spectrum, and advantageously from not m.ore 

60 tfen about 150 cp.s. to at least about 5000 
c.p.s., i.e. most of tihe stereophonically dis- 
tinguishable audio frequency spectrum. Good 
stereophonic signal isolation does not require 
isolation as to ^11 frequencies in the enthre 

65 audio frequency spectrum', and for practical 



pm-poses need not stereophonically differentiate 
audio frequencies below about 100 cp.s, or 
frequencies above about 7000 cp.s. for the 
reasons that the very low frequencies are hard 
for the human ear to distinguish as to direc- 70 
tion, and the higher audio frequencies in fact 
are either not actually heard 'by a listener 
or at best do not contribute substantially to 
the stereo effect when he^d compositely with 
the mid-frequencies. For these reasons, the 75 
stereophonically distinguishable audio fre- 
quency spectrum can be defined ^s including 
audio frequencies from about 100 c-p.-s. to 
about 7000 cp.s., and is to be so considered 
for purposes of this disclosure and the foHov/- 80 
ing claims. 

Concerning the above-discussed practical 
difference between the full audio frequency 
spectrum and the stereophonically distinguish- 
able audio frequency spectrum^ it is notable 85 
that a recently-proposed stereophonic speaker 
display system takes advantage of the lower 
frequency " blind " area, using a single, mono- 
phonic, centraHy-disposed "v/oofer" and two 
side disposed "t^yeeters" for generating the 90 
stereo effect. Certain receivers characteristic 
of tlie present invmtim and utilizing such a 
spealcer display arrangement are discussed sub- 
sequently in connection wuth Figs. 13 and 
14. It is notable with regard to the higher 95 
frequency area above about 5000 c.p.s.3 that 
a preferable form of the present invention, 
such as discussed subsequently in connection 
with Fig. 7 (also of Fig. 8) includes a low 
pass filter arrangement in the "PM" Chain 100 
to limit the stereo effect frequencies less iban 
about 5000 cp.s. in order to obtain maximum 
advantage in teiins of avoidance of adjacent 
channel interference, it having been deter- 
mined that this improvement in interference 105 
characteristic can be effected without appreci- 
able loirs of characteristic stereophonic 
isolation. 

One of the important advantages of the 
stereophonic transmission system of tie pre- 110 
sent invention is that the system is usable with 
existing amplitude modulation transmitters 
whetber diey be high level, low level or 
Doherty type transmitters. Advantageously, 
but not necessarily, the equipment can be 115 
made in the form of an adapter for use in 
conjunction with an existing transmitter. Such 
an adapter is shovm in Fig. 1 at 30, the 
primary purpose of said Fig. 1 being to show 
how a stereo adapter can be simply related 120 
to^ such stgindard amplitude modulation trans- 
mitter. In terms of functions, such stereo 
adapter 30 receives as inputs a pair of stereo 
related audio signal inputs "A" (designated 
32) and "B" (designated 34) and produces 125 
as outputs an amplitude modulation com- 
ponent audio w^ve 36 fed to the audio system 
of the transmitter, includhig low level AF 
amplifier 38 and modulator 40, and a second 
output involving an RF phase modulated wave 130 
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42 at the carrier frequency of the trans- 
mitter. In the tyipdcal stereo- adapter harein- 
^ter discussed in more detail^, the phase modu- 
lated ccmpcnent RF wave is of sufficient 
5 amplitude to drive t!ie stage following the 
crystal oscillator in mo^st transmitters or can 
be fed to a lorn level class G amplifier 44, 
the output from vvliich feeds the modulated 
am-pMer 46, the transmitter also employing 
10 in some instances a linear ampMer 48 prior 
to radiatictn of the modulated carrier wave 
from antenna 50. 

Fig. 2 presents a genera&ed;^ functional 
block diagram of the stereo adapter 30 shown 
15 in Fig. 1. In the stereo adapter 303 stereo 
inputs A and B (32 and 34) are fed to sum- 
mation circuit 60 ^nd difference circuit 62, tie 
phase of signal B being reversed if appro- 
priate by phase reverse switch 64, The output 
20 66 from .summation circuit 60 is a summation 
(A plus B) of the input signals A and B 
and the output 68 of difference circuit 62 
is the difference between said input signals A 
and B (i.e. A minus B)» The respective sum* 
25 and difference signals appearing an the outputs 
66 and '68 are tihen fed tlirough phase shift 
networks 70 m.d 72, the phase of tie A 
plus B signal teing shifted (p—AS^ in phase 
shift network 70, and the phase of lie A 
30 mmus B signal being shifted f/»+45^ in phase 
shift network 72> the important consideration 
with respect to the phase networks 70 and 
72 being that the two signal outputs there- 
from bear a substantially quadrature relation 
35 for audio frequencies over at least most of the 
sterecphonically distinguishable ^udio sp-ec- 
trum, i.e. between audio frequencies from not 
more than about 150 cp.s, to at least about 
5000 cp.s. To obtain this relationships any 
40 of several phase shift networks known per se 
can be employed^ either singly <yr in any com- 
bination (such as netv/orks 70 and 72) produc- 
ing quadratxire related outputs. The output 
36 from' phase shift network 70 is then fed 
45 directly to lie standard amplitude modulation 
type transmitter (again note Fig. 1), and is 
identifiable as the amplitude modulation com- 
ponent wave. The output 74 from phase shift 
netv/oiik 72 is fed to a balanced modulator 
50 J6y also receiving an output 78 from carrier 
oscillator 80. A portion of the carrier oscil- 
lator output 78 is also fed through 4 90^ 
phase sh&t network 82^ the output 84 from 
which passes to a linear summation circuit 
55 86 v^rherein the suppressed carrier output 88 
from the balanced modulator and the phase 
shifted carrier at output 84 result in a quadra- 
ture modulated wave at output 90 from sum- 
mation circuit 86. Said output 90 is then 
60 multiplied in frequency multiplier 92 to pro- 
duce the radio frequency desired for signal 
radiation, and the output 42 from frequency 
multiplier 92 constitutes the KF phase modu- 
lated component wave utilized in the standard 
65 amplitude modulation transmitter as the carrier 



wave input (agaiu note Fig. 1), As will be 
recogniixed, elements 76 through 92 constitute 
a type of phase modulation generator^ and 
some various other iaiown types of phase 
modulation generators c^n be employed in lieu 70 
thereof^ consistent with the mode of operation 
indicated. 

Functionally important to operation of the 
stereo adapter 30 fe the fact that^ for audio 
frequencies over at least most of die stereo- 75 
phonically distmguishable audio frequency 
spectrum, tihe twq phase ;shift networks 70 
and 72 maintain a substantially 90^ relation- 
ship between the amplitude modulation! com- 
ponent wave and the modulatmg wave of 80 
the phase modulalion component wave^ result- 
ing m single-sideband type transmission 
characteristics. 

Figs. 3, 4 and 5 present, in conjunction 
with the following description, a simplified 85 
phasor analysis of the s-tereophonic modula- 
tion technique of die present invention, as 
viewed ^t a given instant of time. For 
simplicity, the illustrations of Figs. 3, 4, and 
5 assume that the level of the signal inputs 90 
at A and B is small so that the only significant 
modulation in the phase modulation branch 
(i.e. the "PM" Chain) appears only as first 
order sidebands. 

In Fig. 3^ a smgle audio tone f(e.g., 1000 95 
cycles per second) is fed to the A input, and 
the B input is idle. Under this con^&tioUj A 
minus B equals A and the single tone modu- 
lates the phase modulator. In Fdg. 3— A, the 
phase modulated upper siddband from? input 100 
A is designated 'FMUSB/A and the phase 
modulated lower isideband fromi input A k 
designated PMLSB/A, such phase modulated 
sidebands being shown vectoraUy in solid line 
for claiity. Said Fig. 3— A shows the rela- 105 
tion of the said sidebands FMUSB/A and 
FMLSB/A with respect to the carrier C, and 
it is to be noted that the summation of the 
two sidebands is perpendicular (i.e. in' quadra- 
ture) to the carrier €. Fig. 3-hB shows the 110 
amplitude modulation sidebands under the 
assumed condition with the single tone input 
to input A and th^ B input idle. The ampli- 
tude modulated upper sideband from the A 
input is designed AMUSB/A, and the ampH- H5 
tude modulated lower sideband from the A 
input is designated AMiLSB/A, with botii 
such amplitude modulated isidebands being 
shown vectoraUy in broken line, for clarity. 
As characteristic of amp^litude modulation, the 120 
sideband components AMUiSB/A and 
AMLSB/A have the resultant thereof in 
phase with the carrier tie summation of 
the modulating waves at the phase modulator 
'beiDg displaced in phase by 90^ with respect 125 
to the resultant of the modulating waves at 
the amplitude modulator, i.e. in relative 
quadrature relation. 

Because of the natural displacement between 
the carrier and 'sidebands of the two types of 130 
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modadation and the relative phase difference 
between the audio moddating waves fed to the 
two modidaters, the modiilations when com- 
bined estabHsh one sideband pair in phase and 

5 the other sideband pan: cut of phase. Thns^ 
as shown at Fig. 3— the combined modu- 
lations in the Fig. 3 circumstances are such 
that the uppersideband components 
PMUSB/A and AMUSB/A (i.e. the phasors 

10 revolving in^ the counter-clockwise direction) 
are out of phase and therefore cancel and do 
not appear dn the output (Fig. 3— D), The 
lower sideband components PMLSB/A and 
AMLSB/A when combined are ia phase and 

15 add (Fig. 3—0), the resulting output v/ave 
as shown at Fig. 3— D being essentially com- 
posed of the carrier and the lower sideband^ 
such lower sideb^d representing the 'intelli- 
gence of die A. mpnt (also cf. of Fig. 6). 

20 TTie phasor diagram of Fig. 4 show the 
converse circumstance to that shown in Fig. 
3^ presenting the modulation relationship when 
the A input is idle and die single tone input 
is fed to die B input. In this case^ again 

25 die summation of the phase modulated upper 
sideband from the B input (PMUSB/B) and 
the phase modulated lower sideband from 
the B input (PMLSB/B) is always perpen- 
diodar (i.e. in quadrature) to the carrier C 

30 (Fig^ 4™A) and the amplitude modulated 
upper sideband from input B (AMUSB/B) 
and the amplitude modulated lower sideband 
from input B (AMLSB/B) establish the 
resultant thereof in phase %vith the carrier C 

35 (Fig. 4 — ^B), In this instance^ the components 
of the lower sideband <(J*MLSB/B and 
AMLSB/B) are out of phase and cancel (Fig. 
4 — C) and the upper sideband components 
PMUSB/B and AMUSB/B add in phase so 

40 that the output (Fig. 4— D) is essentially 
composed of the carrier and the upper side- 
band^ with the B input intelligence appearing 
dn the oipper sideband. 
The phasor diagrams of Fig. 5 show the 

45 onoduiation relationship when identical single 
tone inputs are fed to the A input and die 
B inputs i.e. the situation occurring when the 
circimstance illustrated in Fig. 3 is combined 
widi the circumstance illustrated in Fig, 4. 

50 Since the A input equals the B inputs there 
is no output from^ difference circuit 62 (Fig. 
2), and no phase modulated sidebands on 
canrier €^ as shown at Fig. 5— -A. On the 
other hand, the A plus B component which 

55 feeds the ampUtude modulator is equal to 
2A and therrfore twice as much amplitude 
modulation is produced as would be produced 
by a single tone input to either input A 
or mput B, In this A plus B situation, as 

60 shown at Figs. 5— iB, 5— C ^d 5— D, the 
amplitude modulation occurs simply as equal 
upper and lower sidebands, that is simply 
a conventional amplitude modulated double- 
sideband output wave, and properly so in that 

65 with equal A plus B input signals there is 



no stexeophonically distinguishable informa- 
tion. 

From a consideration of Figs, 3 — 5, it 
will be readily recognized and apparent that 
multi-tone and variant level input situations 70 
can each be analyzed as having components 
like the Fig. 3 and/or Fig. 4 and/or Fig. 5 
situations fflustriited and that the separation 
of the stereophonicaUy distinguishable intel- 
ligence into two single-sidebands will occur 75 
regardless of the composite nature of the audio 
signals applied at the A and B inputs. 

In die above simplified analysis and phasor 
illustrations of Figs. 3 — 5^ the percent modu- 
lation from the A and B input has been 80 
assumed as smaU, 'with the result that the 
amplitude modulation sidebands resulting from 
amplitude modulation of the phase modulation 
sidebands is not significant and disregardable. 
To illustrate, if the input to one of the stereo 85 
inputs is 2:ero and the other input is modulated 
by a tone of sufficient amplitude to produce 
10% amplitude modulation, then each phase 
modulation sideband would be 5% of the 
carrier amplitude. If this sideband was in 90 
turn amplitude modulated to thq extent of 
10%, it would produce ^ second order side- 
band that would be 5% of 5% or 0.25%. 
It is to be also noted that if the tone has 
sufficient amplitude to modulate one channel 95 
and produce 10% amplitude modulation in 
one single-sideband, it is in effect equivalent 
to 20% of the maximum amplitude modula- 
tion possible^ smce the highest percentage 
modulation which is needed or practical to 100 
modulate for stereo effects is about 50%. 

Fig. 6 shows a spectrum drawing of a 
typical st^reoiphonic signal, characteristic of 
lie present invention, the A input intelligence 
being produced substantially in die lower side- 105 
band LSB and the B input intelligence being 
produced substantially in the upper sideband 
USB. Obviously, such s|>ectnm pattern does 
not have a mirror mage sideband relationship 
as is the case with a conventional double- 110 
sideband miplitude modidation spectrum. In 
the spectrum pattern developed by the pre- 
sent invention;^ at a, selected instant each res- 
pective single-sideband can consist of (1) 
StereophonicaUy non-distinguishable intelK- 115 
gence, i.e. components occurring in both inputs 
and dius in both sidebands, or can consist 
essentially of (II) stereophonicaUy distinguish- 
able intelligence occurring m but one sideband, 
or any relative proportions of such stereo- 120 
phonically non-distinguishable intelligence and 
StereophonicaUy distinguishable intelKgence. 
Thus, it will be seen that the category (I) type 
of intelligence is simply those input component 
frequencies where A"B and the intelligence 125 
is monophonic, occurring in bcdi sidebands 
(cf. Fig. 5— D). Likewise, the category (II) 
type of intelligence is simply those input com- 
ponent frequencies where A=0^ or B=0 and 
die respective B -qr A intelligence stereophonic- 130 
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ally distinguishaHe (o^ Fig. 3 — or 4 — B), 
0£ course, noi'mal stereojplonic signal inputs 
are ^ quite complex 'spectrally and the com- 
posite situation, mth inteEiigence of bodi 
5 categories present, is the normal operating 
condition, 

Fig. 7 presents a block diagr^ of a typical 
stereo adapter generally showing in more 
detail how the various modulation charac- 

10 fteristics, phase shifting and carrier genei^ation 
functionally indicated in Fdg. 2 can be per- 
formed, In Fig. 7, the stereo related audio 
inputs A and B (32 and 34), are transformer 
coupled tliroUigh transformers 100 and 102 

15 to siunmation circuit 60 and difference circuit 
62, and B signal input 34 passing through 
phase reverse switch 64. Summation circuit 
60 adds the instantaneous voltages of the two 
input signals A and B, producing as an output 

20 66 the summation signal A plu§ B, and the 
difference circuit 62 subtracts the instan- 
taneous voltages of inputs A and B, producing 
as an output ^8 the difference 'sipal A minus 
B. The circuit developing the amplitude 

^5 modulation component for delivery to the 
transmitter is denoted for simple identification 
as the "AM" 'Chain, and the circuitry de^ 
veloping the phase modulated carrier from 
the difference signal 68 is similarly denoted 

30 tile "PM" Chain. 

In the "AM" Chain, the output 66 from 
summation circuit 60 first goes to an output 
level control 104, the output from which feeds 
a phase equalizer 106. As will be discussed 
later, there is preferably a low pass filter in 
tile " PM" Chain, and the function of phase 
equalizer 106 is to appropriately compensate 
the "^AM " Chain signal for the phase charac- 
teristics induced by the low pass filter in 

^0 tile "PM" Chain. Output 108 from phase 
equalizer 106 goes to a <^--45° phase shift 
network 110, whose output 112 is amplified by 
audio amplifier 114. The output 35 from 
amplifier 114 is the amplitude modulated 

45 component audio wave used to amplitude 
modulate the phase modulated wave in the 
associated transmitter. As will te noted, this 
ampHtude modulation comnonent is a func- 
tion of the summation of channels A and B. 

50 This functional feature provides compatibility 
for monophonic reception of a stereophonically 
modulated signal.^ as is discussed more fully 
below. 

As developed in tiie discussion of the 
55 characteristic modulation relationships pre- 
sented vectorally in Figs. 3—5, it is a basic 
function of ^tiie " PM " Chain to provide 
tile single-sideband characteristics in^ the 
modulated signal as transmitted. The " PM " 
60 Chain operates in tiie following manner. The 
output 68 from difference circuit 62 (i,^. tiie 
A minus B audio wave) preferably feeds lov/- 
pass filter 120, the function of such filter being 
to restrict the rate of phase modulation to 
65 less than about 5000 cp.s. In actuality, very 



littie stereophonic ioformation is perceptible 
above about 5000 cp.s., and it has been deter- 
imined tiiat some improvement in interference 
over conventional amplitude modulation sys- 
tems can be achieved by restricting the stereo- 70 
phonic effect to below about 5000 c.p.s. It 
is to be noted, however, witii respect to utiliza- 
tion of lowpass filter 120 in the development 
of the phase modulation component wave, that 
tite audio signal input frequencies above 5000 75 
cp.s. are not lost, but shnply appear as 
conveational double-sideband components (in 
the AM component wave output from the 
"AM" Chain). In effect, tiie filter 120 
attenuates the stereo effect above 5000 cp-.s. 80 
by attenuating^ tiae phase modulation above 
5000 cp.s.^ Since the maximum modulation 
from each sideband input is at most only about 
50%, and since there is little possibility of 
the two channels phasing up at frequencies 85 
above 5000 cp.s., th^re is material improve- 
ment in avoidance of adjacent channel 
interference. 

In order to insure good sideband isolation 
when filter 120 is inserted in the "PM" 90 
Chain, tiie time delay characteristic of the 
filter is compensated for, as previously indi- 
cated, by an all pass phase equalization net- 
work 10'6 in tile "AM" Chain so tiiat the 
temporal relation between tiie amplitude modu- 95 
lation and phase modidation components is 
not disturbed. Obviously, such filter 120 
and phase equalization network 106 can be 
bypassed, i.e. switched out, if stereophonic 
effects over the full audio range are desked; 100 
Lowpass filter 120 feeds a sterephonic gain 
control 122 which in tarn feeds ^ ^ plus 45^ 
phase shift network 72 through audio amplifier 
126. As wiU be observed, the phase angle 
of the audio signa;l fed tiirough the " Mi " 105 
Chain and the phase angle of tiie ^^gnal fed 
tiirough the "PM" Chain differ by 90° 
plus 45^ minu5 <l> minus 45°) for the reasons 
discussed regarding Figs. 3 — 5, 

Witii regard to proper setting of output HO 
level control 104 in die "AM" Chain and 
the stereo gain control 122 in the " PM " 
Chain, it appears for all practical purposes 
tiiat the level of phase modulation should 
sutetantially equal the |evd of amplitude 115 
m^odulation. 

The output of tiie ip plus 45° phase shift 
network 72 feeds audio amplifier 128 and its 
output 130 is an input to balanced modulator 
76. Balanced modulator 76 is glso fed a 120 
lOOKG wave frorn^ lOOKG crystal oscillator 
132, the output 88 from balanced modulator 
76 being a double-sideband, suppressed carrier 
type wave. Anotiier output from lOOKC 
aystal oscillator 132 is fed to lOOKC amplifier 125 
134, tiience as output 13'6 to a 90° phase 
shift network 138 whose output 140 is linearly 
added to output 88 from balanced modulator 
76 in summation curcuit 142. In summation 
arcmt 142, tiie suppressed center frequency 130 
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(lOQKC) missing from output 88 of balanced 
maddator 76 is restored with its phase shifted 
9Q0 by virtue of phase shift network 138. 
Accordingly, li^ output 144 from mixer 142, 

5 being a linear sunmation of inputs 88 and 
140, has its modulation energy related in 
quadrature to the center frequency. Thus 
instead of being an amplitade modulated wave, 
such output 144 is a wave closely resembling 

10 a pure phase modtdated wave. This type of 
wave is sometimes called a quadrature modu- 
lated wave. 

The quadrature modulated, output 144 from 
miser 142 is fed through a lOOKG amplifier 

15 146 and a variable tune delay phase box 
148, which functions to compensate for tune 
delay differences encountered in various types 
of transmitters with which the adapter may 
be used. Suitable installation adjustment of 

20 said tmie delay phas^ bos: 148 allows the 
amplitude modulation and phase modulation 
components to reach the modulation stage 46 
(cf. Fig. 1) of the transmitter simultaneously, 
thus assuring optimum rejection of undesired 

25 components. 

The output 150 from, time delay phase box 
148 feeds lOOKG amplifier and limiter stages 
collectively indicated at 152. Such included 
limiter stage is preferably of the rapid action 

30 AGC type, i.e. thq^ gain of the loniter varies 
as an iaverse function of the signal level. 
Therefore, wh^n the amplitude of the signal 
is la-ge, die gain is reduced. This compen- 
sates for variations in level of the quadrature 

35 modulated, wave 144 -so that a constant ampli- 
tude wave is produced in the " PM " Chain. 
The output 154 from the lOOKC amplifier 
and limiter stages 152 goes to a frequency 
multiplier 156 wherein the lOOKG wave is 

40 multiplied in freqtiency by a factor of 7, 
for example. This multipHcation factor also 
increases the amount of phase modulation so 
that only relatively narrow phase swings are 
required in the phase shift producing drcuiixy, 

^ with significantly lower modulation distortion 
than woidd otherv/ise be the case. Frequency 
multipher 156 feeds 700KG amplifier 158 
which in turn drives 70aKC cathode follower 
160, the output 162 from which goes to the 

50 carrier generating chrcuit. 

The basic function of the remaining por- 
tion of the block diagr^ layout shown at Fig. 
7 is to convert the 700KG phase modulated 
output wave 162 from cathode follower 160 

55 to the desired transmitter carrier frequency. 
Preferably, the equipment includes a carrier 
frequency drift cancellation circuit, the herein- 
after discussed components of which are identi- 
fied by a 'broken line outline and so designated 

60 on said Fig, 7, This circuit includes a 
5.0MC crystal oscillator 164 prc-viding an out- 
put 166 to a balanced mixer 168 wherein 
are mked said output 162 from the 700KC 
cathode follower 160 and the 5,0MC un- 

65 modulated output wave 166 from crystal oscil- 



lator 164. The resulting 5 JMG summation 
wave appearing as output 170 from mixer 168 
is amplified in 5.7MC amplifier 172, then 
fed to a carrier miser 174 where it is mixed 
witii a 5.7MC plus carrier frequency v/ave 70 
input 176. The 5,7MC plus carrier frequency 
iinput 176 to carrier mixer 174 is derived 
in the following manner. Another output 178 
from 5.0MC crystal oscillator 164, and a 
700KC output 180 obtained from lOOKC 75 
crystal oscillator 132, through lOOKC amplifier 
134, harmonic generator 182 and 70OKC 
amplifier and cathode follower 184, are mixed 
in mixer 186. Summation output 188 from 
mixer 186 is an unmodulated wave at 5.7MC, 80 
which is in turn fed to mixer 190 also receiv- 
ing as an input 192 a signal at carrier fre- 
quency from carrier crystal oscillator 194. The 
sunamation output 196 from mixer 190 is a 
signal 5JiVlC ^bove the carrier frequency. 83 
This output 196 is amplified in amplifier 197, 
and then provides input 176 to carrier mixer 
174. Difference frequency output 198 from 
carrier mixer 174, after being fed through 
carrier amplifier 199, becomes output 42 and 90 
provides the phas? modulated wave input to 
the transmitter (cf. Fig. 1). 

The reasons for preferably using a multi- 
plicity of mixing stages (168, 174, 186 and 
190) in developing output 42 from the adapter 95 
include the following; (1) all frequencies other 
than tiiose of the modulated, carrier frequency 
are automatically cancelled because the 700KC 
phase modulated wave is added and sub- 
tracted during the mixmg process, givkig eflpec- 100 
tive cancellation of carrier frequency drift, 
(2) th^ carrier frequency crystal can 'be ground 
to the actual operating frequency of the trans- 
mitter rather uiEin being of a frequency dis- 
placed by an intermediate frequency and (3) 105 
the intermediate frequency amplifier prevents 
the 700KC phase modulated v/ave from' feed- 
ing through the transmitter, tliereby avoiding 
possible interference in the commercial broad- 
cast band. 110 

As win be apparent, either an internal or 
external carrier crystal can be utilized in de- 
vdopmg input 192, i.e. zs the carrier crystal 
osciUator 194. As will also be evident, the 
multiplication factor mvolved in frequency 115 
multiplier 156 and hsirmonic generator 182 
can be other than a factor of 7, as desired 
under particular design and operating 
conditions. . 

Fig. 8 presents self-contained schematic 120 
detail as to the "AM" Chain circuit com- 
ponents and " PM " Qiain audio circuit com- 
ponents in a typical installation, with only 
those "PM" Chain components leading up 
to balanced modulator 76 being thus shown. 125 

It presents a practical detailed schematic 
chrcuit, including preferred values, of the 
stereo adapter as described in tihe block dia- 
gram of Fig. 2 and Fig. 7, but as stated, 
omitting the circuitry subsequent to and 130 
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including balancerd modulator 76^ for sinapli- 
dty. This is a preferred embodiment of 
the invention. As can be noted, where possible, 
the circuitry as:coiated with a particular block 
5 dexribcd in Fig. 7 has been enclosed and 
labelled accordinglyj e.g. the phase equaliza- 
tion circuit 106 refers to block 106 in Fig, 
7. The cnly difference between the block 
diagram of Fig. 7 and the detailed schematic 
10 circuit of Fig. 8^ representative of a portion 
of Fig. 7, lies in the addition of the necessary 
coupling circuits such as ampMer V1B5692 
etc. The operation of the circuitry is iden- 
tical to that described for Fig. 7 supra, with 
15 the exception of die included amplifiers, 
cathode follower and stereo gdn control, the 
operation of which is well known to the expert. 

Also, for simplicity^ and in view of the 
wide variety of known design considerations 
20 involved, phase shift networks 72 and 110 
are shown an Fig. 8 simply in block. Typical 
reference articles discussing detail regarding 
such networks are R. B. Dome, "Wideband 
Phase-Shift Networks", in Electronics, vol. 
25 19, pg. 112, issue of December 1946; S. 
Darlington, " Realization of a Constant Phase 
Difference", in BSTJ, vol. 24, pgs. 94—104, 
issue of January 1950; H. J. Orchard, 
" Synthesis of Wide-band Two-phase Net- 
30 works in Wireless Engineer, vol. 27, pg. 
72, issue of March 1950; and 0'. G. Villard, 
Jr., " Cascade Connection of 90-Degree Phase- 
Shift Networks", in Proc. IRE., issue of 
March 1952, at pgs. 334—337. Also, suitably 
35 rated phase shift networks are commercially 
obtainable per «e. 

As has been indicated, the characteristic 
of the stereophonic system of th? present 
invention which is of primary commercial 
40 advantage is its unlimited practicality in terms 
of compatible reception, either monophonic- 
ally or stereophonically, )by existing conven- 
tional amplitude modulation receivers 
employing envelope detection. To illustrate 
45 this in simple terms, Figs, 9 and 10 respec- 
tively present block diagrams of ^ single such 
AM receiver and two such AM receiversj as 
employed to receive the stereophonically 
modulated signal of the present systeaim. In 
50 Fig. 9, monophonic reception of the stereo- 
phonically modulated signal is accomplished 
simply by timing; the receiver to the carrier 
frequency, an which event the receiver simply 
detects the amplitude modulation envelope 
55 of the signal, i.e. lie recedv-er produces as 
a monophonic sound output botb. the A and 
B stereo signals falling within its bandpass 
capability. In effect, die monophonic repro- 
duction of the stereo signals does not need 
60 to distinguish which of the signals is respon- 
sible for a given tone, and the monophonic 
effect prodticed by the receiver has no apparent 
distortion in terms of elimination or loss of 
a portion of the -audio intelligence,^ such as 
65 would the cas^ if the monophonic recep- 



tion detected only one of two stereo related 
channels. And, as shown at Fig, 10, for 
stereophonic reception of the stereophonically 
modulated carrier wave by oise of two con- 
ventional amplitude modulation receivers 70 
employing envelope detection, the reception 
procedmre simply involves sliightly off4uning 
one such receiver to sHghtly above the carrier 
center frequency and slightly off-tuning the 
other receiver slightly below the carrier center 75 
frequency of the received wave;, it being of 
course -understood that the two receiver 
spealcers are spaced h suitable distance apart, 
say six to eight feet, as is conventional prac- 
tice per se in stereophonic reproduction 80 
techniques. With the two receivers tibus tuned, 
the bandpass characteristics of eadi of the 
receivers effectively rejects tie sideband not 
desired in each instance, and the respective 
" A " signal output and " B " signal outputs 85 
from the receivers compositely create stereo- 
phonic reproduction. 

An important ramification of the sideband- 
type tuning technique illustrated at Fig. 10 
is that, with each receiver slightly off-tuned, 90 
the fidelity of the received signals is materially 
improved because the passband of each 
receiver is tamed ^substantially nearer the 
center of the sideband range, as contrasted 
with conventional amplitude modulation re- 95 
ceiver tuning where the passband center is 
tuned substantially to the carrier. 

In other words, a conventional receiver 
correctly tuned to a conventional double- 
sideband wave represents ^n audio bandwith 100 
equivalent to about half the intermediate fre^ 
quency b^andwidth of the receiver because botii 
sideband components are reproduced. How- 
ever, in properly tuning toward one 'sideband 
of a stereophonic wave such as here presented, 105 
wherein each sideband of the wave displays 
single-sideband characteristics and self-con- 
tained intelligence, the audio bandwidth in 
each receiver is in effect equivalent to the 
full or at least most of the intermediate llO 
frequency bandwidth of the receiver, because 
each receiver need reproduce but one of tbe 
sidebands. It has been determined escperi- 
mentally that, in the stereo reception mode 
difastrated in Fig. 8 and with averaige, home 115 
type inexpensive receivers, the tuning of each 
of the receivers should be offset from the 
carrier by about 2KC — ^3K!C, for best stereo 
reception. Actual tests have also shown 
that the order of stereo separation involved 120 
by such offset tuning is more than adequate 
for full enjoyment of the stereo related signal 
outputs. 

It appears that a 'listener reqmres only a 
comparatively sm^E amotmt of difference in 125 
'signal levels in order to determine mid- 
frequency sound source direction. The iso^ 
lation capability when using the stereo trans- 
mission techniques of the present invention and 
conventional ainplitude modulation receivers 130 
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in the manner shown in Fig, 10 varies from 
ate>ut 3db at 5.0Q cp.s. to about 25db at 
700Q cp.s. Further and quite importantly, 
actual tests using the ster^ system- of this 

5 invention have shovm no tendency for " switch 
over " effects, i.^. shifting of the somd rapidly 
from one side to the other at certain modula- 
tion levels and modulation frequencies, which 
is a serious problem in several other types of 

10 stereo transmission and reception systems. 
The offset tumng procedure utilizmg two 
conventional amplitude modulation receivers, 
such as shown, in Fig. lO, also provides an 
improvement in audio frequency fidelity be- 

15 cause the high frequency response is enhanced, 
as has been indicated. Of course, offset tunmg 
of the receivers can in some instances increase 
ptKsible adjacent channel interference, but 
this effect is not serious because the slight de- 

20 tuning increases the apparent signal modula- 
tion level, and thus increases the desired 
signal level as well the interference. FmAer, 
as developed in connection with certain typical 
special stereophonic receiver circuits shoTO 

25 at Figs. 11, 12 and 13, there are receiver 
refinements which can readily be employed 
to improve signal isolation and which do not 
increase adjacent channel interference. It is 
most important to Iceep in noind, however, that 

30 special stereophomc receivers for use in con- 
jamction with die system of die present inven- 
tion^ are itn the categor}^ of refinements only, 
as distinguished from ibeing required to stereo- 
phonically receive and present the signals. 

35 Fig. 11 as the block diagram of one such 
specialized receiver. Such a receiver typically 
includes components conventional p^r se to 
the point of the intermediate frequency out- 
put, i,e, includes antenna 200, ganged RF 

40 amplifier 202 ^nd high frequency osdllator 
204, mixer 206, and IF amplifier 208. The 
IF output from amplifier 208 is split, one 
portion bemg demodulated by a conventional 
envelope demodulator 210, such as a diode 

45 detector, to isolate the A plus B component 
of die signal, which A plus component is then 
converted in phase to i> plus 45° by phase 
shift network 212. The other output portion 
from IF amplifier 208 feeds a limiter 214 and 

50 the phase modulation thereof is obtained by 
phasp modulation detector 216 such as a dis- 
criminator and de-emphasis circuit, known 
per se for the purpose, the output from whidi 
passes through phase shift network 218 con- 

55 verting the phase thereof to minus 45^, 
providing the difference signal A minus B. As 
will be noted, the operation of phase shift 
networks 212 and 218 are to restore the 
respective A plus B component audio wave 

60 and A minus B component audio wave to an 
in phase relation. With the phase thereof 
thus restored, said A plus B and A minus B 
audio signal waves are fed to a summation 
circuit 220 and a difference circuit 222, the 
65 respective oxitputs from which are the " A " 



signal and " B " signal, v/hich can be further 
amplified ^d sonically reproduced as desired. 
Such a receiver as shown by Fig. 11, which 
can also be termed an "AM/PM" type 
receiver, has the advantage of achieving a 70 
very high order of isolation between the stereo 
signal outputs. Because the phase modulation 
characteristic of the instant radiated signal 
is substantially a linear function of A minus 
B, use of an "AM/FM" type receiver for 75 
stereo reception is practical and even advan- 
tageous. It is to be emphasized that this 
type of reception is made possible only by 
the unique relationships of tihe stereo modu- 
lated radiated signal of the present system, 80 
wherein there is a linear phase modiilation 
function, a linear envelope function, and 
single sideband characteristics. 

It is also to be emphasi^red with respect 
to the "AM/FM" type receiver shown at 85 
Fig. 11, that other stereo systems employing 
so-cdled " AM/PM " type receivers essentially 
require such special receivers as a necessary 
consequence of adoption and utilization of 
such systems. In contrast, the utilization of 90 
an "AM/PM" type receiver such as pre- 
sented by Fig. 11 is not essential for stereo- 
phonic reception in practice of the present 
■kvention but is only one of several possible 
alternatives if reception refinements are 95 
desired. 

As an incidental characteristic of the 
"AM/PM" type of receiver shown at Fig. 
11, it is to be observed that operation of such 
a receiver is limited to situations where the 100 
maximum total modulation of the carrier is 
not more than about 95%, because of the 
requirement that there be at least some signal 
level in the limiter 214 at ah times in order 
that it function properly. As known in the 105 
art, ^this requirement of phase modulation 
discriminators is a weU-known characteristic 
per se, and not a requirement peculiar to the 
particular type of receiver presented by Fig. 

" 110 
Fig.^ 12 shows another form of suitable 
specialized receiver for use as a component in 
the stereophonic transmission and reception 
system of die present invention. Essentially, 
this receiver form employs two intermediate 115 
frequency outputs slightiy off-tuned toward 
the lower sideband and the upper sideband, 
of the intermediate frequency wave derived 
from the received signal, the extent of pre- 
set off-tuning from the IF center frequency 120 
in each instance bemg preferably about 2KC— 
3KC. Antenna 230, ganged RF amplifier 
232 and high frequency oscillator 234, and 
mixer 236 are conventional per se. The 
interniediate frequency output from mixer 236 125 
is split and feeds respective lower sideband 
.mterm.ediate frequency amplifier 238 and 
upper sideband intermediate frequency ampli- 
fier 240, Transformer coupled outputs from 
said amplifiers 238 and 240 lead to individual 130 
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envelope detector circuits resptsctiydy includ- 
ing diode 242 ^nd diode 244. To genmte 
a propex AGC output, for reasons discussed 
bdowy the dtode detector 242 is returned to 

5 the high side diode detector 244, instead 
of to tground. The AGC output 246 is t^en 
from the top of diode 242 and therefore is 
the combined output of the negative voltages 
produced by the diode detectors, and provides 

10 good AGC control levels irrespective of the 
relative position of the heterodyned carrier 
energy in the two IF* passbands. If AGC 
is derived from only one of the detectors, the 
tuning characteristic wodd be quite non- 
15 sjmnetrical. The audio output from^ detector 
242 is fed through coupling condenser 248 
to the first stage 250 of the " A " signal audio 
amplifier circuit. The output from diode 
detector 244, which is mainly derived from 

20 the/*B " signal level is fed through its Urst 
audio frequency amplifier 252, the output from 
which is fed to a second audio amplifier 254 
in this channel, and also to a voltage divider 
circuit consisting of resistance 256 and resis- 

25 tance 258, the portion of the output voltage 
developed across resistor 258 being fed 
thrO'U^ resistor 260 to the input of amplifier 
250 of the "A" signal channel. The pur^ 
pose of the voltage divider circuit consisting 

30 of resistances 256 and 258, and accordingly 
the relative values thereofj are such that the 
amount of audicf signal cross-fed from the 
"B" channel to the "A" channel is just 
sufficient to cancel out the " B " signal com- 

35 ponent derived from^ the " A plus B '* output 
of the detector 242 and 244, and thus eli- 
minate any detector circuit induced cross-talk 
in the " A channel 
Fig.^ 13 shows yet another form of 

40 specialized receiver for use as a component 
in the stereophonic transmission and reception 
system of the present invention, which receiver 
is particularly adapted to utilization of a 
recently proposed stereophonic speaker dis- 

45 play involving a centrally disposed " woofer " 
for monophcnic presentation of the lower audio 
frequencies of "lows", and two spaced 
"tweeters " arranged in spaced relation at the 
sides of the " woofer the " tweeters " stereo- 

50 phonically presenting the higher audio fre- 
quencies cf "mids" and "highs" to the 
listener. One cf the prime advantages of such 
a stereophonic speaker display is that such 
requires only one "woofer", which is the 

55 relatively expensive component of a so-called 
"M-fi" speaker pair, whereas two separate 
speaker displays normally require two 
" woofers Single cabinet mounting of the 
entire speaks system is also more practical 

60 if one " woofer " is used. Monophcnic pre- 
sentation of the lower frequencies, in the 
indicated manner, utilizes to advantage the 
relative directional insensiti'vity of the ears 
of the listener to " lows it having been deter- 

65 mined that the stereophonic ejffect primadly 



results from directional sense as to the rela- 
tively highqr audio frequencies. 

^With respect to the receiver and speaker 
display arrangement contemplated by Fig, 13, 
and as will he apparent from tiie following 70 
more specific discussion thereof^ such pro- 
vides three separate intermediate frequency 
stages, with lite center timed IF stage ad- 
vantageously emphasizing the lower frequencies 
of toth sidebands and driving the " woofer 75 
and with the two slightly off-tuned inter- 
mediate frequency stages advantageously 
emphasizing the higher frequencies in the 
respective sidebands, and driving the respec- 
tive stereo "tweeters". 80 

More specifically, as shown in Fig. 13, this 
type of receiver arrangement typically in- 
cludes components convention^ per se to tiie 
ipoint of thQ intermediate frequency genera- 
tion, i.e. includes antenna 270, ganged RF 85 
amplifier 272 and high frequency oscillator 
274, and mixer 276. The IF output from 
mijcer 276 is divided three ways, providing 
separate inputs to a center tuned IF amplifier 
278 and two 'sHghtiy off-ntuned IF amplifiers 90 
280 and 282, said IF amplifier 280 being 
slightly off-tuned toward the lower sideband 
of the intermediate frequency wave derived 
from die received signal and IF amplifier 282 
bemg slightiy off-tuned toward the oipper side- 95 
band of the intermediate frequency wave 
derived from the received signal. Sknilady to 
the off-tuning of amplifiers 238 and 240 in 
the receiver illustrated in Fig. 12, tiie off- 
tuned amplifiers 280 and 282 of the receiver 100 
ishc'wn at Fig. 13 have the extent of off-tuning 
thereof set so that the respective passband of 
each such amplifier is offset about 2KC— 
5'KC from' the center frequency of the hetero- 
dyned signal. Amplifier 278 is of course 105 
center tuned to the IF center frequency. Thus 
it will 'be observed that die center of the pass- 
band of center tuned IF ampUfier 278 coin- 
cides with such center frequency and will pass 
principally the "lows" of both side-bands, 110 
and can readily be designed to emphasize the 
lower frequencies to an extent and appreciably 
improve the apparent signal lever of die 
" lows Conversely, die slightiy off-tuned IF 
amplifiers 280 and 282 respectively pro'vide 115 
passband characteristics centered at about 
2KC— 5KC toward ibeir related sidebands, 
and will effectively not only select the appro- 
priate sideband to the substantial exclusion 
of the oth^ but can also emphasize die 120 
"highs" in its assigned sideband, producmg 
an increase in signal level of such " highs ". 

From* respective IF amphfiers 278, 280 and 
282 the separated IF signals pass to respec- 
tive envelope detectors such as diodes 284, 125 
286 and 288, thence to respective audio fre- 
quency amplifiers 290, 292, and 294 die out- 
put from amplifier 290 driving the centrally 
placed "woofer" 296 of die speaker display, 
the output from amplifier 292 driving the 130 
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side placed "A" "tweeter" 298 of the 
speaker display^ and the output from amplifier 
294 driving the side placed ''B" "tweeter" 
300 of die speaker display. 

5 Another advantage of the receiver arrange- 
ment presented at Fig, 13 lies in the simplicity 
with, which an accurate AGC output can be 
derived. Sitable AGC control in a stereo 
receiver is oftentimes a problem because the 

10 detected signal level of either of the stereo 
signals is not a satisfactory indication of the 
received signal levd since, obviously, either or 
both of the stereo signals can vary consider- 
ably or even be momentarily idle without a 

15 correqjonding change in received signal 
stren^. The circuit shown in Fig. 13 salves 
this problem very simply by selecting the AGC 
output 5t the output from detector 284, as 
indicated at 302. In that center tuned IF 

20 amplifier 278 selects both the carrier and 
components from both isidebands^ the output 
of detector 284 is responsive to average re- 
ceived signal strength in a manner providing 
quite acceptable AGC control for the overall 

25 receiver. 

As will be apparent, a stereo speaker dis- 
play such as employed wilii the receiver of 
Fig, 13 can be used advantageously with any 
receiver dexivrng an A plus B audio com- 

30 ponent, such as the receiver shown by Fig. 
llj by way of example. To illustrate, Fig. 
14 shows in fragmentary block diagi'am a 
simplified arrangement which can replace the 
output arrangement shorm in Fig. 11. The A 

35 minus B output 310 and A plus B output 312 
are derived in any suitable manner, such as 
from phase shift netv/orks 218 and 212 of Fig. 
11, then fed to sum and difference drcuits 
220^ and 222^ as m Fig. 11. In the arrange- 

40 ment of Fig. 14, the output of sum circuit 
220^ diives " A " "tweeter " 298% the output 
of difference circuit 222^ drives " B " 
"tweeter" 300^^ arranged as in Fig. 13, and 
the centrally placed monophonic "woofer" 

45 296^ is driven from an A plus B output 314 
to produce a stereo presentation comparable 
to that employed in Fig. 13. 

WHAT WE CLAIM IS: — 

L A method of transmitting a pair of stereo 

50 related signals, comprising producing the 
stereo related signals, amplitude modulating a 
carrier wave with an amplitude modulating 
component which is substantially a linear func- 
tion of the sum of lite stereo related signals, 

55 phase modulatmg said carrier v/ave 'wilii a 
phase modulating component which is sub- 
stantially a linear function of the difference 
between the stereo signals^ said amplitude 
modxdating component and said phase modu- 

60 lating component being substantiaUy in quadra- 
ture relation for modulating frequencies over 
a substantial portion of the stereophonically 
distinguishable audio frequency spectnnn, such 
composite of ampilitude modulation and phase 



modulation resulting hi the 'two first order 65 
sidebands of the carrier wave representing the 
stereo signal intelligence, one such first order 
sideband being substantially the intelligence 
of one of the stereo signals and the other 
such first order sideband being substantially 70 
the intelligence of the other stereo signal, and 
transmitting the modulated wave. 

2. A me&od of transmitting a stereo related 
pair of audio signals so that each is receivable 

on conventional envelope detection type ampli- 75 
tude modulation receiver means, comprising 
generating a stereo related pair of audio sig- 
nals, amplitude modulating and phase modu- 
lating a radio frequency wave so that the 
amplitude modulation envelope of said wave 80 
is substantially a linear function of the sum- 
mation of the two stereo signals and the 
phase modulation of said wave is substantially 
a linear function of the difference -between 
said two stereo signals, with the phase rela- 85 
tion between the modulating wave of the 
phase modulation component being substan- 
tially 90*^ for modulating frequencies over at 
least a substantial portion of tie stereophonic- 
ally distinguishable audio frequency spectrum^ 90 
such composite of amplitude modulation and 
phase modulation resulting in the two first 
order sidebands of the carrier wave represent- 
ing the stereo signal intelligence, one such 
first order sideband being substantially the 95 
intelligence of one of the stereo signals and 
the other such first order sideband being 
substantiaUy the intelligence of the other stereo 
signal, and transmitting tlie modulated radio 
frequency wave thus produced. 100 

3. A method accor(fing to claim 1 or 2, 
wherein the phase relation between the modu- 
lating wmve of the amplitude modulation com- 
ponent and the modulating wave of the phase 
modulation component is substantially 90^ 105 
for modulating frequencies between from about 

150 cycles per second to about 5000 cycles 
per second. 

4. A method according to claim 1, 2 or 3, 
including maintaining th? level of phase modu- 110 
lation substantiaUy equal to the level of ampli- 
tude modulation. 

5. A method according to any one of tic 
preceding claims, including receiving the 
modulated wgve by receiver means employing 115 
envelope detection. 

6. A stereophonic transmission system com- 
prising means producing two stereo related 
audio signals, means producing a radiant 
mergy carrier v/ave, and means for ampUtude 120 
mcdmating said carrier wave with an ampli- 
tude modulating component which is sub- 
stantiaUy a linear function of the sum of the 
stereo rdated signals, means for phase modu- 
lating said carrier wave with a phase modu- 125 
lating component which is substantially a 
linear function of the difference between the 
stereo related signals, said components being 

in substantially quadrature relation, the com- 
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iposite of_ amplitude and phase modulation 
resulting in at least some of the stereaphome 
ally distinguishable components of one such 
stereo signal appearing as a single, fct 

5 order sideband on one »ide of said carrier 
wave and at least some of the stereophonically 
distinguishable components of the other such 
stereo signal appearing as a single^ first order 
sideband on the other side cf ^aid carrier 

10 wave. 

7. A stereophonic -system comprising means 
generating a pair of stereo related signals 
and means generating a radio frequency wave^ 
means selecting a summation of said two stereo 

15 signals and amplitude moduiatmg said radio 
frequency wave therewidi, means selecting die 
difference between said two stereo signals and 
establishing the phase relation of most stereo- 
phonically 'distinguishable frequencies thereof 

20 in substantially quadrature relation to the phase 
of said simmadon signal, means phase modu- 
lating said radio frequency wave with the 
resulting difference signal, said amplitude 
modulation and phase modulation providing 

25 that one sideband of said wave represents 
substantially the stereophonically distiniguish- 
able inteMigeace of one of said stereo^ signals 
and the odier sideband of said waive repre- 
sents isubstantiaUy die stereophonicdly dis- 

30 tinguishable intelligence of the otber of said 
stereo related signals, means radiating the 
wave thus modidated, and receiver means 
employing envelope detection. 

8. A system according to claim* 7, wherein 
35 said r^dver means comprises two receivers 

respectively offset tuned above and below die 
center frequency of the radiated wave by from 
about 2 Mlocycles to about 3 fcEocycles. 

9. A system according to claims 7j wherein 
40 the said receiver means comprises an ampli^ 

tude modulation type receiver having an inter- 
mediate frequency stage tuned to the center 
frequency of the intermediate frequency wave 
derived by beterodyning the received radio 

45 frequency wave, envdope detection means 
driving the audio frequency intelligence from 
the output of said intermediate frequency 
stage^j and audio frequency output means sonic- 
ally reproducuig said audio frequency intel- 

50 ligenccj the audio frequency intelligence thus 
reproduced including most of the inteliigence 
of the combined stereo related signals. 

10. A system according to claim 7, wherein 
said receiver means comprises a smgle ampli- 

55 tude moddadon type receiver tuned to die 
center frequency of die radiated radio fre- 
quency wave reproducing monophonically part 
of the intelligence of the combined stereo 
related signals. 

60 ^11. A system according to claim 7, wherein 
said receiver means comprises means receiving 
and deriving an intermediate frequency wave 
from th^ received wave, means detecting die 
amplitude modulation envelope of said inter- 

65 mediate frequency wave, means detecting die 



phase modulation component of isaid inter- 
mediate frequency wave, phase shift means 
shifting by substantially 90° the relative phase 
of most of the stereophonically distbguisnable 
frequencies of the detected amplitude modu- 70 
lated audio component and the detected phase 
modulated audio component, the resulting 
phase shifted phase modulated component 
being constituted substantially by the difference 
between the received stereo rdated si^gnals 75 
and the resulting phase shifted amplitude 
modulation component substantially represent- 
ing the summation of said stereo signals, means 
summating said sum and difference signals 
to produce an output representing one of said 80 
stereo signals, and means subtracting said 
sum and difference signals to produce an out- 
put representing the other said stereo signal. 

^12. A system according to claimi 7, wherdn 
said receiver means comprises m^ans receiving 85 
the^ transmitted radio frequency wave and 
deriving therefrom an intermediate frequency 
wave, separate intermediate frequency ampli- 
fiers respectively offset tunal slightly above 
and^shghtiyjbelow the center frequency of 90 
the intermediate frequency wave, separate en- 
velope detecting means fed by said respective 
intermediate frequency amplifiers, and audio 
output means fed respectively from said 
separate detectors, die output from one said 95 
audio output means representing one of the 
received stereo related signals and tibe output 
from the other said audio output 
means representmg the otiier of said stereo 
signals. loo 

13. A system according to claim 7, wherein 
said receiver means comprises means recdv- 
ing the transmitted radio frequency wave and 
deriving therefrom an intermediate frequency 
wave, three separate intermediate frequency 105 
amplifiers, the first of which is center timed 

to the center frequency of the intermediate 
frequency wave^ die second of which is offset 
tuned sligbtiy below the center frequency of 
the intermediate frequency wave, and the 110 
third of which is offset timed slighdy above 
die center frequency of the intermediate fre- 
quency wave, separate envelope detecting 
mans f^d by said respective intermediate fre- 
quency amplifiers and audio output means fed 115 
respectively from said separate detectors, the 
ou^ut related to the first, center tuned inter- 
mediate frequency amplifier representing pri- 
marily the lower frequendes from* both of 
the received stereo related signals, and the 120 
respective output means associated with the 
said offset tuned intermediate frequency ampli- 
fiers representing primarily the higher fre- 
quencies of die respective recdved stereo 
related signals. 125 

14. A system according to claim 13, wherein 
the audio output means relates to the first 
center tuned intermediate frequency ampHfier 
includes an automatic gain control selection 

and output drcuit for the receiver, the auto- 130 
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matic gain control signal thus derived being 
thereby responsive to average received signal 
strength including primarily the lower fre- 
quencies from both of the received stereo 
5 related signals. 

15. A system according to claim 7 to 14, 
wharein said various audio output means com- 
prise a stereo speaker display including a 
centrally disposed "woofer" -p^e speaker 

10 driven by the detected audio signal derived 
from said firsts center frequency tuned inter- 
mediate frequency amplifier, and two side- 
disposed "tweeter" type speakers, each at a 
separate sid^ of said " woofer " type speaker 

15 and each separately driven by the output from 
a respective one of the said offset tuned 
intermediate frequency^ amplifiers. 

16. A system accordmg to claim 12, wherein 
said separate intermediate frequency amplifiers 

20 are respectively offset tuned from the center 
frequency of the intermediate frequency wave 
by about 2 kilocycles to 3 kilocycles. 

17. A systm according to claim 12, wherein 
said envelope detection means comprises tvvo 

25 individual detector cdrcuits with the first of 
the detectors bemg returned to the output side 
of the second;j the ciraiitry including an auto- 
malic gain control output derived from the 
output side of the first of said detectors so 



that the automatic gain control voltage 'is a 30 
function of the sum of the detector outputs, 
the audio frequency circoitry from said de- 
tectors having a first audio frequency amplifier 
fed by the second of said detectors, a voltage 
divider ckcuit across the output of said audio 35 
frequency amplifier, and an output from said 
voltage divider to the output circuit of the 
second detector which is of a phase magnitude 
to substantialLy cancel from the output of the 
second detector circuit the output of tibie first 40 
detector circuit 

18. A system according to claim 17, wherein 
each of said detectors is of the diode type. 

19. A system according to any one of claims 

7 through 18, including means for maintain- 45 
ing the level of phase modulation substantially 
equal to the level of amplitude modulation. 

20. The methods substantially as herein- 
before described mth reference to and as illu- 
strated in the accompanymg drawings, 50 

21. The systems substantially as herein- 
before descrifcJed with reference to and as illu- 
strated in the accompanymg drawmgs. 
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